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Defense  Supply  Agency 
Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia  22314 
• 

Attention:  Mr.  Herbert  Rehbock 

Director  of  Documentation 

Reference:  (a)  DBC-TCA  043088-8-0960  dtd  30  April  1968 

Gentlemen: 

In  reply  to  your  recent  tracer,  I  regret  that  the 
original  request  for  my  memorandum  SDO-1134  never  reached 
my  office.  I  am  happy  to  forward  herewith  a  copy  of  the 
memo,  "A  Controllable  Heat  Pipe  Experiment",  my  supply  be¬ 
ing  limited,  and  I  am  sorry  that  a  more  comprehensive  formal 
report  has  not  been  written. 

This  work  was  sponsored  by  the  U.  S.  Department  of  the 
Navy  under  Contract  N0w-62-0604-c . 

This  document  has  been  approved  for  public  release 
and  sale;  its  distribution  is  unlimited. 
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Theodore  Wyatt 
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DEFENSE  SUPPLY  AGENCY 

OETENIE  DOCUMENTATION  CENTER 
CAMERON  8TATION 
ALEXANDRIA,  VIROINIA  iZIM 


IN  MKPL  < 

TO 


ddc-tca  OMPM-b»OMO  10  April  LMO 

SUBJECT:  Requaat  for  Sclentlflo  and  Technical  Reports 


»7M»T 


Jabea  ligkiM  OUwnlty 

A|flM  TtpaiM  Uk  (GPU) 

MSI  OMifi*  Afun 

*Um  Syria*,  Mtrjuy  ao9io 


1.  Tit  I  a  la  a  tracer  on  the  request  cited  below.  No  reply  haa  been  received  to  date.  Pleaao  notify  DDC  by 
return  mull  of  Ilia  action  token. 


2.  The  report  referenced  below  la  bellovod  to  be  a  DoD-funded  document.  It  has  not  boon  located  In  the 
Dofunuu  Documentation  Center  (DDC)  collection. 


3.  DoD  Instruction  5100.38  of  29  March  1965  requires  twenty  (20)  coploa  of  each  report  bo  forwarded  to 
DDC.  At  loaat  one  (1)  copy  should  bo  black  printing  on  white  background  (or  if  typed,  the  ribbon  copy)  ault- 
ublo  .‘nr  reproduction  by  photographic  techniques. 


d,  llocumonta  should  bo  marked  with  an  appropriate  distribution  atatomont  according  to  DoD  Dlrecflvo 
5200,20  of  29  March  1905,  and  Chango  2  datod  8  May  1967  (APR  310-2,  AR  70-31,  NAVMATIN8T  4000.17). 
This  includes  Information  on  the  releasabllity  of  unclassified,  unlimited  documonta  for  aalo  to  the  gonoral 
public  by  tho  Clearinghouse  for  Federal  Scientific  and  Technical  Information  (CF8TI)  of  tho  Dcpurtmont  of 
Commerce.  Those  distribution  statements  are  found  on  the  reverse  of  this  letter. 

5.  Return  tho  copy  of  this  loiter  as  your  reply  marking  Die  reverse  accordingly,  l.e.t 

n.  When  reports  arc  forwarded,  or  have  previously  boon  forwarded,  chock  and  fill  In  atatoments  opposite 
A  or  B  as  applicable,  or 

b,  if  tha  document  In  not  ralnaauble  to  DDC#  Indicate  tho  category  of  exception  by  chocking  the  appli¬ 
cable  atatomont  under  C. 


6.  Enclosed  is  a  DDC  Form  50  for  your  uso,  If  you  wish  to  be  notified  of  the  DDC  secession  number  (AD 
numbor).  A  mailing  frank  la  alto  encloaod  to  uso  for  shipmont  of  documents. 


FOR  THE  ADMINISTRATOR: 
2  Enel 

1.  DDC  Form  SO 

2.  Franked  labol 


HERBERT  REIIBOCK 
Director  of  Documcntsl'on 
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To: 

From: 

Subject: 


C.  J.  Swet  and 

T.  Wyatt 

A  Controllable 
Satellite 


R.  E.  Fischell 


Heat  Pipe  Experiment  for  the  5E-4 


Since  you  have  both  expressed  an  interest  in  performing 
a  controllable  heat  pipe  experiment  in  the  5E-4  satellite  I  wish 
to  suggest  a  device  of  this  type  for  you  to  employ. 

A  somewhat  unexpected  and  intriguing  observation  was 
made  during  early  heat  pipe  trials.  Purely  by  accident  an  un¬ 
wanted  "non-condensible"  gas. (in  the  sense  used  by  steam  plant 
engineers)  was  present  in  a  heat  pipe  and  it  was  observed  that 
the  non-condensible  gas  (hydrogen)  was  concentrated  at  the  heat- 
output  end  of  the  pipe  and  that  the  amount  of  heat  liberated  over 
the  intended  output  area  was  proportional  to  the  amount  of  non- 
cpndensible  gas  present.  This  experimental  finding  seems  to  be 
susceptible  to  the  following  logical  explanation.  Assume  that 
initially  the  hydrogen  was  uniformly  distributed  throughout  the 
pipe.  As  heat  is  put  into  the  device  the  working  fluid  (sodium) 
is  boiled  off  and  the  resulting  gas  flows  from  the  heat-input 
end  to  the  heat-output  end.  The  sodium  gas  flow  sv/eeps  the 
hydrogen  to  the  heat-output  end;  as  long  as  the  heat  pipe  is 
operated  any  hydrogen  molecules  tending  to  migrate  from  the  out¬ 
put  end  are  returned  by  the  continuing  sodium  gas  flow.  The 
equilibrium  situation  thus  created  is  illustrated. in  Fig.  1. 
Visual  observation  of  high  temperature  heat  pipes  'and  tempera¬ 
ture  measurements  indicate  that  the  two  gasos  are  highly  segre¬ 
gated,-  -  that  a  sharp  interface  exists  between  the  working,  fluid 
gas  and  the  non-condensible  gas,  and  that  thermal  transport  of 
the  heat  pipe's  working  mode  does  not  occur  in  the  zone  occupied 
by  non-condensible  gas. 


We  thus  can  control  the  thermal  flow  through  a  heat 
pipe  by  varying  the  amount  of  non-condensiblo  gas  present.  Fig. 
2  illustrates  one  way  of  introducing  and  withdrawing  a  non-con- 
densible  "control"  gas  so  as  to  modulate  thermal  conductance. 
Fig.  3  is. an  extension  of  Fig.  2  with  some  auxiliary  provisions 
which  may  prove  desirable  in  some  applications. 
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Althougb  various  manual  or  automatic  means  might  be 
used  to  adjust  the  position  of  the  bellows  and  hence  the  heat 
flow  through  the  pipe  the  "Vernatherm"  manufactured  by  American- 
Standard,  Controls  Division,  of  the  American  Radiator  and  Standard 
Sanitary  Corporation,  would  seem  particularly  straightforward  for 
satellite  temperature  control.  An  example  is  a  satellite  with 
internal  heat  dissipation  (from  electrical  loads  or  nuclear  decay) 
sufficiently  large  compared  to  the  solar  input  that  regulation  of. 
the  flow  of  this  internal  heat  to  radiating  surfaces  substantially 
shielded  from  the  sun,  e.g.,  the  base  plate  of  a  gravity  stabilized 
satellite,  would  permit  maintenance  of  a  desired  nearly  constant 
internal  temperature.  A  possible  arrangement  is  illustrated 
schematically  in  Fig.  4.  An  increase  in  temperature  causes  the 
"Vernatherm"  to  extend  in  length;  this  motion  through  a  linkage 
extends  the  bellows,  thereby  withdrawing  non-condensible  "control" 
gas  from  the  beat  pipe  and  increasing  the  thermal -output  of  the 
pipe  by  allowing  more  fin  area  to  radiate  heat.  Since  more  heat 
is  radiated  the  tendency  to  increase  in  temperature  is  limited 
to  the  response  characteristic  of  the  "Vernatherm",  as  multiplied 
by  the  ratio  of  the  linkage. 

Another  application  for  satellite  temperature  control 
in  conjunction  with  heat  from  nuclear  decay  might  be  as  sketched 
in  Fig.  5.  In  this  case  the  "Vernatherm"  actuator  moves  the 
bellows  directly  or  through  a .motion-multiplying  linkage  to 
admit  heat  from  the  nuclear  source  in  inverse  .proportion  to...the  ..  . 
temperature  within  the  satellite.  An  effect  "Similar--  to  -that-,  of-  — 
.the  motion -multiplying  linkage  can  be  obtained  by. increasing  the_. 

diameter  of  the  bellows  so  that  a  given  linear  motion  involves 
.  a  greater  volumeti ic  displacement  as  shown  in  Fig.  6?  _  -~ 

It  Is  evident  that  the  reliability  of  a  radio-active 
isotope  thermoelectric  power  supply  is  primarily  a  function  of 
the  reliability  of  the  thermoelectric  devices,  including  their 
-electrioal  and  thermal  connections.  This  observation,  leads  one-.- 
to  consideration  of  redundant  thermoelectrics  with  provision  to 
transmit  the  heat  from  the  nuclear  source  to  either  set  of  thermo¬ 
electrics.  This  might  be  accomplished  as  illustrated  in  Fig.  7. 
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Distribution  attached 


T.  Wyatt 
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